Abstract-This paper presents a quantification tool for the evaluation of scalable and non-scalable video communication systems. The proposed mechanism estimates the subjective quality of experience (QoE) of a human viewer according to the temporal resolution, the spatial resolution and the Root Mean Square of the Error (RMSE) between the original image and the encoded one. According to these three dimensions of quality it enables an encoder and server to search for the best combination of each of these scalability factors in order to deliver the best quality. The proposed quantification tool was obtained through subjective tests using a panel of evaluators and a new methodology which have shown good correlation factors between measurement data and estimating functions. Index Terms-Television over IP, H.264 Scalable Video Coding (SVC), Quality of Experience (QoE), subjective quality.
I. INTRODUCTION
The popularity of Internet video streaming has grown tremendously as does the interest for mobile TV over IP with the growth of mobile terminals using 3G technologies and wireless LANs. In this field there are currently several mobile operators already delivering live encoded videos to clients with heterogeneous terminal capabilities.
In live video distribution, the traditional solution to adapt the encoded video to the receiver capability and bandwidth is simulcast. In simulcast several streams are encoded, targeted for different transmission rates and are delivered according to the bandwidth of the receiver. This solution, however, presents a limited number of quality profiles and it is necessary to frequently switch between encoded streams in order to search for the best quality.
An alternative to the discrete nature of simulcast is based in a layered encoding of video, supporting what is known as Fine Grained Scalability, which enables nearly continuous quality degradation according to the receiver bandwidth. In this field, in 2005 the MPEG and the Video Coding Experts Group (VCEG) of the ITU-T have joined efforts to define the Scalable Video Coding (SVC) as an Amendment of the H.264/MPEG-4 AVC standard [1] . SVC provides scalable video streams which are composed of a base layer and one or more enhancement layers. Enhancement layers may enhance the temporal resolution (i.e. frame rate), the spatial resolution (i.e. image size), or the signal-to-noise ratio resolution (SNR) of the content represented by the lower layers.
The reduction in temporal and spatial resolutions can hardly be measured in terms of traditional metrics and it is not yet completely known how each of these factors contributes to the perception of quality degradation in the specific scenarios of current video over IP or mobile terminals.
One of the differences between traditional television and mobile TV terminals rests in the type and size of terminals. Mobile terminals were developed to be used personally and therefore users expect reduced dimensions. Additionally the one-by-one usage of these terminals reduces the distance from the user and the display, and usually, the videos delivered present small sizes. It is therefore expectable that quality assessment evaluations should consider this type of scenarios.
The oldest method used to monitor video quality is subjective assessment. Subjective methods were standardized in ITU-R recommendation BT.500 [2] and have been used to evaluate video quality in television services for more than twenty years. However, subjective assessment tests previously designed to evaluate the quality in traditional television can hardly be applied to the current scenarios of television over IP (IPTV).
In [3] the authors propose a new subjective evaluation methodology called Subjective Assessment Methodology for Video Quality (SAMVIQ) and use it to evaluate the quality of several encoders. The advantage of this solution is that it was specially developed for Video over IP assessment.
In this paper we propose a subjective quality estimation tool for the continuous assessment of television over IP distribution systems. The proposed tool is meant to be used at the server side, in order to help deciding which arrangement of scalability factors best enhances the user perceived quality.
Although this methodology specifically focuses the SVC encoder it can also be extended to non-scalable video encoders.
The following chapters are organised as follows. Chapter II describes the overall methodology used in the assessment tests. Chapters III and IV describe the procedures made and results taken from the assessment of the subjective quality, respectively as a function of the RMSE and as a function of spatial and temporal scalabilities. Chapter V defines a combined QoE expression and employs it in the analysis for the estimation of the quality of an SVC encoded video sequence. Finally Chapter VI concludes the paper. 
II. METRIC TESTS METHODOLOGY AND VIDEO SEQUENCES

A. Metric Tests Methodology
The value of the subjective quality (Q) is usually derived directly or indirectly through the Mean Opinion Score (MOS) of subjective assessment tests, like those proposed in the ITU-R BT.500 Recommendation. This recommendation considers and describes several metric tests, all them oriented to video quality assessment.
Besides the solutions proposed by the ITU-R BT.500 Recommendation, a new assessment test named SAMVIQ [3] was proposed in the European Broadcasting Union (EBU) Technical Review.
The SAMVIQ method allows the assessment of a set of videos (structured in several scenes) in a comparative way, grading each video in a linear scale between 0 and 100%. In each scene observers are firstly presented with a high anchor reference video (which must also be graded by observers) and all the other videos are presented in a random order. Similarly to other methods, this method defines the utilization of a hidden reference having the same quality as the reference video. In this methodology assessors can play each video as many times as they want in order to make a better judgement of the quality of each one.
Since users also grade the Reference video, the maximum value of the voting scale is known and can be afterwards used in the process of quality estimation. Particularly, that value can be used to compensate the scale boundary effect, using it as an anchor of maximum quality (i.e. the maximum scale limit used by observers).
This new method was selected in this study because it is more oriented to quality assessment of video transported over the Internet, being characterized as simpler and quicker than the previous ones.
In order to perform the tests, examiners (or subjects) were chosen among college students with ages ranging from 18 to 28 years old. All selected examiners were asked to answer an extensive questionnaire in order to validate the universe chosen for the video tests. The questionnaire also focused problems dealing with visual acuity in order to discriminate individuals with visual deficiencies.
B. Selected Video Sequences Four video sequences with very different characteristics were used the measure the degradation of the perceived quality. This study was oriented to the evaluation of television equivalent videos and therefore all these sequences (represented in Fig. 1 ) were captured from TV broadcast sources. They were recorded using a frame rate of 25 fps, in the 4 times Common Intermediate format (4CIF, 704x576) and they were saved in an YUV format. Each video sequence was chosen in order to represent a different level of visual complexity in what refers to motion and image details. Table I depicts the characteristics of these sequences and in which way each one relates to the sequences that are usually used in video quality metrics tests. Sequence News is characterized as having a fixed camera and presenting a full body newscaster over a synthetic background. Sequence Football is characterized for presenting a football match counter-strike with lots of detail and movement. Sequence Motorcycle is characterized for having rapid and complex details of an in road motorcycle grand prix. Sequence Savanna is a fixed camera in which movement is localized.
In all tests, the distance between each observer and their monitor ranged between approximately 0.4 and 0.6 m, and all monitors were set with the same resolution (1280x1024) and settings.
III. QUALITY AS A FUNCTION OF THE RMSE
The Root Mean Square of the Error (RMSE) and the Peak Signal-to-Noise Ratio (PSNR), which can be derived from the RMSE, are currently two of the most common metrics used to assess compressed video quality.
There are however several studies, like for instance [4] , which state that these metrics do not correlate well with the human perception of quality obtained through MOS derived from subjective tests. Particularly, it was verified that the human perception of quality is affected by many different artefacts introduced by compression algorithms, like for instance the blocking and ringing effects, which many times are not correctly quantified using the PSNR or RMSE metrics, since they contribute differently to subjective perception of quality.
Because of this low correlation between objective and subjective metrics, several distinct solutions were proposed which attempt to estimate the subjective quality of video using other metrics that try to model the behaviour of the Human Visual System (HVS). Some of these solutions can be found on [5] and [6] . Nevertheless, none of these models have proven to be applicable to a wide range of circumstances. Instead, although they present a high degree of correlation in some conditions they also lead to low correlations under other circumstances.
In this context, it may be understandable that both, PSNR and RMSE, continue to be the most common metrics used to evaluate the quality of video compression algorithms and as a consequence of that, it would be important to find if, and in which cases, these metrics could be used to estimate subjective video quality. Based in these results, it would also be important to identify the mapping function that best estimates the HVS behaviour, evaluating it through standard procedures.
There are many advantages of converting PSNR or RMSE in subjective metrics. For instance it is commonly verified an increase in transmission rate of videos without a correspondence in perceptual quality. This usually happens because above a certain limit of encoding rate the effect in quality is almost negligible. However, at the encoder the PSNR metric continues to increase, giving the impression that there is a real increase in the perceived quality.
Nevertheless, in order to convert the RMSE or PSNR metric in a subjective metric, it is important to understand and distinguish psychological effects that mainly result from the chosen methodology, from psychological effects that estimates the Human Visual System response. Although the first ones usually cause distortions and variability in the results and for that reason need to be understood and compensated, the second ones should be preserved and correctly evaluated.
Additionally, since previous research have shown that different visual effects contribute differently to the perception of quality by the Human Visual System, the range of variation in visual effects should be restricted by only using a certain encoder algorithm. Based in this assumption, it should be possible to obtain a function that represents the way quality changes according to the RMSE variation (or PSNR).
Finally, the results obtained through assessment tests should be fitted using an interpolating function that consequently will represent the degradation function of a certain encoder (according to the main encoding parameters used). Nevertheless, according to the previously defined procedure it is important to analyse each encoder separately and not to extrapolate these results to other conditions. According to these guidelines, this chapter specifies a method that can be used to estimate, with a high degree of correlation, the subjective quality of an encoded video and an associated parametric estimation function that translates the human visual system response to the RMSE variation. This estimation function can also contribute to the understanding of how artifacts degrade perception quality more quickly, when does it happen, and how they are associated with the increase in RMSE (or PSNR). Different curves obtained for different video sequences can also help in understanding how test sequences influence the perception of quality degradation. Additionally since the resulting estimation function describes quality degradation induced by the type of RMSE impairments of a specific encoder, applying the proposed method to several encoders permits the comparison, understanding and evaluation of how different encoding artefacts degrade quality, as the RMSE increases.
A. Specific Methodology
Each of the four videos was encoded in H.264 Baseline (BL) adjusted to the transmission bit-rates of 64, 128, 256 and 512 kbps using the CIF format. The RMSE between the original and the coded video was computed, applied only to the luminance component of the image. As previously explained, the subjective metrics tests were conducted using the SAMVIQ methodology and the obtained data were analyzed having the Recommendation ITU-R BT.500 [2] statistical treatment procedure as reference.
These metric testes were performed using a panel of twenty one examiners. The same set of video sequences was presented to the audience, allowing examiners to quantify the video quality in a linear scale ranging from 0 to 100%.
B. Results and Analysis
Table III, presents the obtained MOS of each sequence and the average MOS for the four sequences. (2) we found out through empirical analysis of data that the following function (3), besides being simpler, present higher values of correlation and shorter confidence intervals when compared with the previous one.
QRASE e-a(RMSE)2 (3) According to these two functions, the values of 0 and p in function (2) and oc in function (3) were computed. Although the obtained statistical results validate both, the methodology used and the selected interpolation functions, from the analysis of Fig. 3 it is noticeable that the encoding noise introduced in the News sequence degrades more quickly the perceived quality than the same amount of noise introduced in the other videos. This particular result is in line with previous studies like [4] , showing that the type of noise being introduced by the encoding algorithm should be compared with the video characteristics in terms of texture.
IV. QUALITY AS A FUNCTION OF SPATIAL AND TEMPORAL RESOLUTIONS Using the SAMVIQ quality assessment methodology, the subjective quality degradation introduced by reducing temporal and spatial scalabilities was quantified using the same four video sequences previously described, yet displayed uncompressed. These metric testes were performed using a panel of sixteen observers.
A. Specific Methodology
In this set of metric tests, observers were asked to evaluate the quality of video definitions for a 4CIF, CIF, QCIF and one quarter of QCIF (/4QCIF, 88x72) definitions and 25, 15, 7.5, 3.75 and 1.875 frames per second. All videos were displayed with the same size (as required by the SAMVIQ assessment procedure), with a 4CIF equivalent size (with an height of 15.2 cm). The 4CIF initial format was converted in the lower definitions (CIF, QCIF and 1/4QCIF) using the default spatial MW-78 therefore this difference could be higher if using as reference a higher definition video sequence. The same normalization procedure described and implemented for the analysis of the impairments caused by the RMSE increase was implemented for these metrics (using expression (2)).
The Normalized MOS values were interpolated using the following functions (5) and (6), respectively for the reduction in temporal and the reduction in spatial scalabilities.
QFrameRate 8] + ,2 loglo(FrameRate) (5) I QDefinition 1+e (Definition-62,) (6) The interpolation results are presented in Table V . ranges. Expression (7) is represented through a three dimensional plot in Fig. 7 . Notice that these results are independent from the encoding algorithm since they were measured using raw videos, and therefore they can be applied to different encoders.
The next step is to join these results in a unique expression specifically applied to the H.264 encoder. Fig. 8 represents the estimated QoE (for this encoding) as a function of the encoded bit rate. Fig. 8 shows that an increase in the encoding bit rate not always corresponds to an increase in user perceived quality and that a correct design of the quality enhancement layers should consider the associated subjective QoE factor here presented. In order to demonstrate the applicability of expression (8), the News sequence was encoded using the reference SVC encoder [1] . Table VI show the Y-PSNR of the compressed video as a function of temporal and spatial scalabilities.
VI. CONCLUSION AND FUTURE WORK
The results obtained in this paper enable the subjective quantification of the impairments caused by changing the temporal resolution, the spatial resolution and the RMSE in an encoded video. Using these results it is possible for an encoder (or video server) to select the best cost-benefit ratio, i.e. try to maximise the QoE according to the bandwidth available or the minimum bit rate for a specified level of quality.
These results also show that an increase in the Y-PSNR of an encoded video does not necessarily correspond to an increase in the subjective quality of a viewer. Therefore the estimated QoE must be considered as an important metric for the design and assessment of the encoder quality layers.
In terms of future work, further subjective tests should be performed in order to validate the proposed expression (8).
